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ITODUCITON OF FEFMENIED FOOD ffcGOEJGlS 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to novel methods of making a fermented 
food product, especially fermented dairy products. Further, the 
invention relates to novel mutant strains of Lactobacillus bulgaricus 
(L. bulaaricus ) and methods of making them which are useful in the 
preparation of yogurt and other fermented food products. The 
invention also relates to novel mutant genes and organisms 
transformed with such genes. 

2. Background Art. 

A variety of food products are available worldwide which depend on 
active bacterial cultures in the final form of the food product for 
flavor, preservation of quality, claimed health benefits and/or pH. 
Examples are fermented vegetable products, such as sauerkraut frcsn 
cabbage and pickles from cucumbers; fermented fish products such as 
fish paste or burongdalog; fermented seeds such as coffee or cocoa 
beans; fermented starch-rich food products; fermented meat products, 
fermented cassava; or fermented fruit juices. Particularly important 
are fermented dairy products such as yogurt, scur cream, cxeme 
frach6; buttermilk, and the like. These fermented dairy products 
depend, to a certain degree, on organisms which metabolize lactose to 
produce flavor and lower the, pH to preserve the food. These products 
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can be especially important to those people with lactose intolerance; 
i.e. , the inability or difficulty in metabolizing lactose • 

Yogurt is an extremely popular fermented dairy product. 
Microbiologically , yogurt may be defined in the United States and 
marry other co un tries as the end product of a controlled fermentation 
of milk with a mixture of Streptococcus thermoohilus (S. 
thermochilus^ and £. bulcraricus . The fermentation is carried out 
within a tenperature range of 35 - 45'C with about 42 - 45 # C being 
preferred. Early in the incubation, S. therrochilus grows rapidly 
dominating the fermentation and lowering the oxidation-reduction 
potential of the system. L. buloaricus grows slowly during the early 
fermentation but liberates sufficient amounts of peptides and amino 
acids to stimulate growth of S. thermophilics which results in 
moderate production of lactic acid, acetic acid, acetaldehyde, 
diacetyl and formic acid. When the pH of the fermentation mix is 
sufficiently lowered to around 5.5, the rapid growth of S. 
thermoch ilus is arrested and the growth of L. buloaricus is favored. 
Depletion of oxygen from the system and the availability of formate 
is believed to stimulate such growth. Die major portion of lactic 
acid and acetaldehyde necessary for the characteristic flavor of 
yogurt is contributed by the L. buloaricus which has been aided by 
the initial activity of the S. thermoohilus ccnpanent. When the pH 
drops further to abcut 5.0 or less the product is cooled to about 
10*C or less for storage. Although the rate of production of lactic 
acid is diminished under the normal storage conditions of yogurt (4 - 
10 # C) , production of lactic acid continues to such a degree that the 
yogurt product is, depending on strain or process, rendered 



WO 90/05459 




PCT/US89/05352 



-3- 

urpalatable (sour) after 3 or 4 weeks. Attempts to further slew or 
arrest the production of lactic acid during storage while maintaining 
viable organisms have been largely unsuccessful. Preservatives have 
been tried but have the undesirable side effect of affecting the 
viability or killing the yogurt organism. Attempts at mutating the 
organism directly; e.g., through chemical or other mutagenesis 
techniques have not only produced organisms with decreased lactic 
acid production at lower temperature and pH, but organisms also 
showing a proportional decrease in lactic acid production at 
fermentation temperatures and a decreased grewth, thus producing an 
unsatisfactory yogurt product or products which are limited to the 
strain which has been mutated (with an untaewn effect) , which can not 
be easily transferred to new starters (see U.S. Patent 4,734,361 to 
Meiji Milk Products wherein a method is described for isolating a 
mtxir^ly-occurring variant of Lactobacillus buloaricus ) . This 
tenperature-sensitive organism produces less than .1% lactic acid at 
10'C for 7 days. This method is dependent on a strain being present 
which Tnatrhps the description of the invention, and, to date, only 
one such natural isolate is knewn to exist, OIL 1074. Currently no 
cultures, especially of L. hulcraricus , are available which combine 
the desired needs of texture and taste while maintaining the extended 
levered metabolism under storage temperature, have the site of 
mutation defined and are transferable to new starters. 

It would be useful to construct a L. bulaaricus which exhibited both 
decreased production of lactic acid at the storage temperature of 
yogurt yet still retained acceptable levels of activity under 
production conditions of yogurt where the mutation is defined and 
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vtiich ccxild be transferable to new starters starting fraa any single 
strain of L. hulaaricus and remains viable in the yogurt product. It 
would also be useful to have such organism produce less acid at 
tenperatures belcw about 20*C or at abcut pH 5.5 or lower in order to 
give more flexibility during production and handling after 
production. Furthermore, it wculd aid in the manufacture of 
fermented produ cts to have the fermentation slow or step after 
reaching a certain range of temperature and/or pH rather than using a 
quick refrigeration to decrease the rate of acid formation. 

SUMMERY OF THE INVENTION 

It is an object of this invention to provide novel organisms and 
methods for obtaining them where such organisms are for use in 
fermented food products where the organism exhibits decreased 
metabolism be y ond what is normal under storage temperatures of the 
fermented food products, yet retains its activity, and viability under 
production conditions of the fermented food product. 

It is further an object of the invention to provide novel fermented 
food products containing viable organisms which, under r w» i*i storage 
conditions of the fermented food products, develop excess acidity or 
off flavors more slowly than previously fermented food products 
c ontain ing viable organisms. 

It is also an object of the invention to provide methods of producing 
fermented food products. 



WO 90/05459 



PCTVUS89/05352 



-5- 

It is also an object of this invention to provide novel organisms 
which exhibit decreased production of lactic acid at the storage 
conditions of yogurt or other food products, yet essentially the 
novel organisms retain their activity and viability under production 
and storage conditions. It is a further object of this invention to 
provide a method of obtaining such organisms. 

Even further it is an object of the invention to provide a method of 
producing yogurt or other food products which simplifies both the 
processing- and handling of the product. It is yet a further object 
of this invention to provide a yogurt or other food products 
containing viable organisms which cure storage stable belcw about 20*C 
arri/or at about pH 5.5. Accordingly, the invention oanprises a 
method for making a fermented food product catprising: 

a) selecting an organism suitable for making a fermented food 
product, the organism being a mutant organism not found in nature 
which pr o d uces a non-naturally occurring variant enzyme which 
metabolizes a substrate to a desired product in a fermented food 
produ ct under nonal fermentation conditions tut under storage 
conditions of the fermented food product the variant enzyme 
metabolizes the substrate at a rate of at least about 20% less than 
the enzyme produced by the organism found in nature from which the 
variant enzyme is derived frctn, yet retains at least about 90% of the 
necessary rate of such metabolism when oartpared with said enzyme 
produced by the organism found in nature under the production 
conditions of the fermented food product; 
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b) adding the organism selected in step a) to an unfermented food 
product containing a substrate capable of being metabolized by the 
variant enzyme to the desired product; and 

c) fermenting the mixture of step b) tinder conditions favorable for 
the production of the fermented food product. 

Also, the invention relates to a novel organism comprising a mutant 
organism not found in nature, suitable for the production of .a 
fermented food product, which organism produces a non-naturally 
occurring variant enzyme which metabolizes a substrate to a desired 
product in the fermented food under the storage conditions of the 
fermented food product at a rate of at least at least about 20% less 
than the enzyme produced by the organism found in nature f ran which 
the variant enzyme is derived from, yet retains at least at least 
about 90% of the rate of metabolism needed for production of the 
fermented food pr o du ct when oorpared with the enzyme produced by the 
organism fcund in nature, under the production conditions of the 
fermented product. 

Further the invention also relates to a method of maJcing yogurt which 
comprises: 

a) selecting S-. thermochilus and L. buloaricus organisms suitable 
for making yogurt, the L. buloaricus organisms being- a mutant L. 
tuloaricus not found in nature which organism produces a 
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non-natural ly occurring variant enzyme which metabolizes lactose to 
lactic acid under the storage conditions of yogurt at a rate of at 
least about 20% less than the enzyme produced by the L. bulcraricus 
found in nature it is derived from yet retains at least about 90% of 
the rate of such metabolism under the production conditions of 
yogurt; 

b) adding the organisms of step a) to milk; 

c) fermenting the mixture of step b) under conditions favorable for 
the production of yogurt; and 

d) bringing the temperature of the fermented mixture of c) to the 
desired storage temperature. 

And even further, the invention relates to a method of mutating an 
organism for use in making a fermented food product which ccnprises: 

a) selecting an organism suitable for use in making a 
fermented food produ ct; 

b) removing the gene which codes for an enzyme involved in the 
metabolism of a substrate to a desired product from the 
organism of step a) ; 

c) inserting the gene of b) in a replicable plasmid; 
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d) performing mutations on a plurality of the plasmids of step 



e) selecting those mutations of step d) which, when used to 
transform an organism and produce a variant enzyne, said enzyme 
exhibits decreased activity at a rate of at least about 20% 
less than the enzyme produced by the organism found in nature 
frcra which the variant enzyme is derived under the storage 
conditions of the fermented food product but where said-variant 
enzyme retains at least about 90% of its activity at the 
production conditions of the f enrented food products when 
ocnqpared with the enzyme produced by the organism found in 
nature from which the mutant enzyme is derived; and 



f ) inserting and expressing the selected mutated gene of step 
e) into an organism suitable for the production of the 
fermented food product. 

Diis is done preferably after deleting the cxjrresponding native 
enzyme. 

Die invention also relates to a novel fermented food product 
comprising a viable mutant organism not found in nature which 
organism produces a non-naturally occurring variant enzyme which 
metabolizes a substrate to a desired product under the normal storage 
conditions of the fermented food product at a rate of at least about 
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20% less than the enzyme produced by the organism found in nature 
from which the variant enzyme is derived frcm, yet wherein said 
variant enzyme retains at least about 90% of the rate of metabolism 
viien compared with said enzyme produced by the organism found in 
nature under the production conditions of the fermented food product. 

The invention also relates to a viable mutant L. buloaricus. not 
obtainable by generalized mutation, isolatable frcm existing 
cultures, or found in nature, suitable for the production of yogurt 
or other dairy products which produces an enzyme which metabolizes 
lactose to lactic acid under the storage condition of yogurt 
(preferably a temperature below about 20*C, more preferably 4 - 10'C 
or at a pH of abcxrt 5.5 or less) at. a rate of at least about 20% less 
than the enzyme produced by the L. buloaricus found in nature which 
it is derived fran, yet retains at least about 90% of the rate of 
such met abolism under the production conditions of yog urt . 

DETAILED DESCRIPTION OF THE INVENTION 

Fermented food products are those foods in which an active bacterial 
culture remains in a food and wherein the active bacterial culture 
has metabolized a specific substrate to produce a desired taste, pH 
or lowered pH to preserve the food. As discussed above, such foods 
and the organisms to produce them, are widely known, for example: 
vegetable products may use Pseudoroonas , Flavobacterium . Aerdbacter, 
Bacillus , Leuconostoc, and Lactobacillus ; fermented fish products may 
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use I^ucsonostoc mesenteroides , Lactobacillus breyis, Pediococcus 
oerevisea , lactobacillus plantarium . and Bacillus species; fermented 
seed may use Bacillus natto ; fermented starch-rich materials may use 
Corvnehacterium species; fermented meat products may use 
Lactobacillus species; fermented melons may vise Oorvnebacterium 
species, Geotrichum candidum , Leuoonistoc species; ferm ent ed fruit 
juices may lose Zymononas species; soy sauce uses Aspergillus species; 
and vine and beer use Saacharowces species. As other species of 
bacteria, yeast and fungi are developed for food, it is clear that 
they would be covered also and are contemplated within the scope of 
the invention. A preferred fermented food product is the fermented 
dairy products, especially yogurt. 

U>e desired substrate as used herein is the substrate the selected 
organism will metabolize in the metabolic pathway of the final 
compound 'which produces a desired teste or pH. So, for exairple, when 
using a L. fculaaricus organism to produce yogurt, the desired 
substrate is lactose or an intermediate which is metabolized to 
lactic acid. 

As used herein the normal storage conditions refers to the physical 
conditions such as pH or tenperature which one would hold the food 
while awaitng oansunption. . 

Previous attempts to affect the storage performance of food grade 
organisms, such as L. bulgaricus , for making fermented food products 
without affecting the fermented food-making capabilities have been 
largely unsuccessful. Through classical mutation techniques; e.g., 
chemical r u.v. , etc., attempts have been made to alter; i.e., 
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organisros such as L. bulaaricus in the metabolic pathway have been 
global; i.e., a decrease in the metabolic rate at storage conditions 
was accompanied by an unacceptable change in metabolic rate at 
production conditions or, most importantly, they have been undefined 
or nontransferable to other starter strains of £. bulaaricus . It has 
been discovered unexpectedly that when a gene coding for an enzyme in 
the metabolic pathway is imitated in vitro ; i.e., the gene removed 
from the organism; that chemical nutation of the gene will produce a 
percentage of variants which exhibit at least about a 20% decrease in 
metabolism belcw about 20* C and/or about pH 5.5 or less, yet retain 
at least at least about 90% activity at the production conditions of 
the fermented food products when expressed in a transformed 
organism. In a preferred environment the mutants selected have 
essentially no change in activity of the modified enzyire. The 
measurement of change is against the original form of the enzyme 
found in nature. It is, of course, possible to achieve such 
mutations after several successive generations of gene mutations so 
that a direct cccparison of metabolic rates of successive mutants 
does not appear to produce the desired change. The change in the 
desired mutant would still, hcwever, be compared against the form of 
the organism found in nature. The mutated gene may then be used to 
transform another similar organism (or other desired organism) to 
achieve the organism of the invention using methods known in the art. 

As used herein L. bulaaricus organisms suitable for making yogurt or 
other fermented dairy products are widely utilized naturally- . 
occurring food grade organisms useful in various commercial 
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applicatians. As described above, L. buloaricus is used as one of 
the organisms in the production of yogurt or other fermented dairy 
products. L. buloaricus produces a number of enzymes which are 
responsible for the metabolism of lactose to lactic acid. Most 
notable is a permease which is responsible for the transport of 
lactose into the buloaricus organism and B-galactosidase which 
metabolizes lactose directly to glucose and galactose. Glucose is 
further metabolized and other enzymes in this pathway include 
glucckinase, phosphoglucose iscmerase, Fhosptofructctainase, aldolase, 
triose phosphate iscmerase, phosphoglycerate kinase, 
Fhosphoglyoeramitase, enolase, pyruvate kinase, and lactate 
dehydrogenase (Henry R. Mahler and Eugene Oordes, In Biolog -irai 
Qjsnistry, Harper & Row, New York, New York, 1966) . In other 
organisms, other pathways such as the pentose phosphate or 
Errtner-Dxdorof f pathway, among others could be used (Gerhard 
Gottschalk, "In Bacterial Ifetabolism", 1979). Permease and 
B-galactosidase are especially interesting because in the lactose to 
lactic acid pathway; they are the only enzymes in this metabolic 
pathway, which do not appear to be substantially involved in seme 
other metabolic function. 

Preferred genes in the lactic acid pathway for mutation are those 
coding for lactose permease, See The Lactose Transport System of 
StiBuUxxrras therrtCThilus ; A Hybrid Protein with Hccology to the 
Melibiose Carrier and Enzyme III of EEP-Dependant Riosphotransferase 
Systems frm Genencor attached, B. Poolman, T. Royer, S. Mainzer and 
B. Schmidt., J. f Bacterid, (in press) incorporated by reference, 
Molec. Gen, Genet., pp. 159, 239-248 (1978); Nature . Vol. 283, pp. 
541 - 545, February 7, 1980; 
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and 6-galactosidase (See The Cloning. Expression and Sequencing of 
the Beta-Galactosidase Gene From Lactobacillus Buloaricus Into E. 
Coll , tram Genencor presented at the Second Synposium on lactic Acid 
Bacteria on September 22 - 25, 1987, Wageningen, Die Netherlands by 
Schmidt, B. et al., J. of Bacteriol. (in press) incorporated herein 
by reference) • As used in the specification and claims, vector 
relates to a gene sequence which includes at least the gene coding 
for the enzyme of interest. This form could be linear ENA, a plasmid 
of seme type, or the like. The vector may be of the replicable type, 
a type which is incorporated into the c hiumos cras for replication or a 
gene sequence which must be combined with some ether gene sequence or 
shuttle mechanism for incorporation into an organism in a replicable 
form. 

When producing the mutant organism of the invention, the vector may 
be mutated in vitro by any number of chemical mutagens. For 
instance, the single and double stranded chemical mutagenesis 
procedures illustrated in the examples* Other methods of mutation 
include alpha thiol misincorporation , cassette mutagenesis or other 
methods of site specific mutagenesis. Applicant has noted that 
approximately 1 in 1000 - 5000 transformants appear to achieve the 
desired attributes of the invention. The results are reproducible 
and just a matter of screening a number of mutants. In order to test 
such a large number of variants in a reasonable time period, the 
mutated gene can be reinserted in a replicable and expressible form, 
either in a plasmid or integrated into the chromosome of an organism 
and tested. One satisfactory preferred method (see also examples) 
involves construction of a plasmid using the 6-galactosidase gene, 
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performing the mutagenesis in vitro on the plasroid and then 
transforming a relatively easily replicable organism like E. ooli (or 
L. bulgaricus or L. casei) . The transformed organisms can be 
screened to see if reaction conditions are such that they neet the 
desired conditions. Where the clone normally produces a similar 
enzyme to that being expressed, it is desirable that that gene for 
the similar enzyme be removed from the host. In this exanple, the 
naturally occurring B-galactosidase gene could be removed from the 
host X»« bulgaricus. 

Primarily, there will be two types of preferred mutants screened 
for: tenperature sensitive conditional (0 s ) and pH sensitive 
conditional (FH?) , although other parameters are possible. Sane 
combination of types of mutants may obviously also be desirable. For 
example, a tenperature conditional mutant for use in the production 
of yogurt will be one vhich exhibits a decrease in metabolism of 
lactose below abcxrt 20'C, yet only exhibit a 10% or less decrease in 
activity at processing tenperature; i.e., 35 # C - 45*C LUcewise, a 
pH conditional mutant for use in the production of yogurt will 
etfiibit a decrease in activity of at least about 20% at pH's of about 
5.5 or less and retain at least at least about 90% activity at the 
beginning processing pH of the fermented food product ccnpared to 
wild type enzymes. 

C*>ce the proper gene sequence is selected from the variant enzymes, 
it can be rei n corporated into the organism of choice in such a manner 
that it replicates; i.e., plasmid or homologous genome integration, 
preferably, as suggested above, with the corresponding native gene 
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sequence previously removed. The transformed organism of the 
invention can then be used to produce a fermented food product with 
inproved shelf life using conventional techniques (without 
ijitrcducirxg any foreign EKA since only the mutated enzyme will be 
replaced in the organism) . In a preferred embodiment the fermented 
food product made will have a longer shelf life, better taste and 
texture than the fermented food product made without this invention 
after extended storage. 

The following examples are representative of the invention and not 
intended to be limiting. One skilled in the art will see that the 
success rate is such that the experiments are easily r e produced and 
as such, no deposits have been made of organisms or genes. One 
skilled in the art could devise other screens or use other direct 
mutagenesis techniques without undue experimentation. 

nreCklFl'ION OF THE FRKFKHKED EMBODIMENTS 

CHEMICAL MUTAGENESIS OF B-^AIACIOSIDASE GENE 

1. Double-Stranded Method 

Plasmid CuiisLruction. Two BartHI fragments were deleted from the 
pKK223-3 vector (Pharmacia Molecular Biologicals, Piscataway, New 
Jersey 08854) that carries the L. txilaaricus B-galactosidase gene on 
the 7 Kb insert* The resulting plasmid has the tac promoter (deBoer, 
H.A. et. al., FNAS , Vol. No- 78, pg. 21, (1983)) rerroved f rem the 
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pKK223-3 vector and the B-galactosidase gene is new on a 4.3 kb 
Hindm-BaiBHT fragment. 

Mutagenesis . Plasmid ENA (-5 ug) in 10 mM Tris-HCl and 1 rM 
Na 2 EDEA (pH 7.6) was added to 7 ul of 1 H potassium phosphate (pH 
5.2) , 20 ul 3 M sodium acetate (pH 4.5) and water for a final volume 
of 0.1 ml. Then 0.1 ml of 2 M hydroxylamine (HA) in ethylene glycol 
vas added to the ENA solution. Hie reaction was incubated at 65 or 
75°C with 20 til aliquots removed at various times from 0 to 10 
minutes. Die ENA in the aliquots was immediately precipitated with 2 
ul 3 M sodium acetate and 50 ul ethanol. The dried precipitate was 
dissolved in 30 ul 10 sM Tris-HCl and ImM Na 2 EDTA (pH 7.6) and used 
to transform E. coli JTCL05, JM108 and JM109 cells (Mania tis, T. ,° 
Fritsch, E.F. ; Sambroak, J., "Transformation Protocol", In Molecular 
Cloning: & TaW- ^ratorv Manual . p. 250, 1983), Hie transformation mix 
was plated an Iuria Agar plates containing X-gal (5-Bnaix>-4-chloro-3 
indoyl-B-D galactcpyranoside, Sigma Chemical Co., St. Lcuis, 
Missouri) and 50 ug/ml carbenicillin. Mutants were screened as 
discussed below. 

2. Single-Stranded Method 

Plasmid Construct ion. Hie B-galactosidase gene on the 4.3 kb 
Hindni-BanHT fragment was cloned into pUC118 . Single-stranded ENA 
was isolated from this clone after the addition of M13 helper phage 
(the pUC118 vector has a 470 bp M13 replicon inserted into the Ndel 
site of pUO.8) . Unique PstI and Xbal sites were introduced at 
nucleotides 23 and 441, respectively, losing oligonucleotide site 
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directed mutagenesis. Single-stranded DMA from this mutant was used 
in the chemical mutagenesis described belcw. 

Mutagenesis , First, ethylene glycol, 50 ul, was added to 150 ul of 
1M sodium acetate containing 1M irethoxylamine hydrochloride (MA) (pH 
5) « Then sii^le-stranded ENA in 10 ul (~5ug) was added and incubated 
in the dark at 50°C for 45, 60, 90 or 120 minutes. The reaction 
was stepped by ethanol precipitation and JKL05 cells transformed and 
plat*** as $**mriheA above. The transformation mix was plated an 
X-gal-cantaining medium and screened as described belcw. 

SFT PfTTTOM OF T^MPKkATURE CONDITIONAL MOTANTS 

A nitrocellulose filter is placed on a Luria Agar carbenicillin 
plate. The transformed E. coli are spread on top and colonies grewn 
overnight at 37 *C. Two nitrocellulose replica filters are made from 
this master. Cne filter is layered an an X-gal plate at 37 # C and 
5-galactosidase activity is detected by the appearance of blue 
colonies. The other filter is layered an a Luria Agar carbenicillin 
plate, grown for about 20 hours at 37 # C then placed at 4 # C 
overnight. The filter is lifted off the plate and placed on an X-gal 
plate at 4'C overnight. Colonies of the invention are those that are 
blue at 37*C but are white at 4 # C. 
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Second Round Mutagenesis , 

Starting with the variant phenotype which is blue an 37 # C 
X-gal plates and using MA as a mutagen, additional mutants were 
generated through a second round of mutagenesis, 

WIAGENESIS 3ESUI35 

Approximately 12,000 colonies have been screened using the double- 
and single-stranded mutagenesis methods. In a typical experiment, 
0.1 - 0.2% of the total colonies are white at 37°C and 2-4% are 
white at 4°C. Colonies that were blue at 37°C and white at 4°C 
were dcwble checked for the temperature conditional phenotype by 
reflating at the high and lew temperatures. Plasmid EKA was isolated 
fran these colonies and used to transform JM105 or JM109 E, ooli 
cells and a consistent teirperature conditional B-galactosidase 
activity was conferred by the plasmids. To localize the region of 
the mutation, various restriction fragments of the mutant gene were 
exchanged for wild type fragments. A characterization of 3 of the 
mitants is given below: 

CS1 and CS4: Wild type plasmids and plasmids isolated fran this 
mitant were digested with Ncol and then the 1282 bp Ncol fragments 
and the vector fragments (carrying the rest of the B-galactosidase 
gene) were isolated fran polyacylamide gels. The mutant 1282 bp 
fragment was ligated into the wild type vector and the 1282 bp wild 
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-type fragment was ligated into the mutant vector. The construction 
with the 1282 bp NCOI mutant restriction fragment was tenperature 
ocrxiitianal while the other construction gave a wild type phenotype. 
TJius, the temperature conditional mutation lies between nucleotides 
792 and 2074 (the Ncol fragment) in the structural gene of L. 
boloaricus fl-*galactosidase in this mutant. 

CS2: The structural gene for B-galactosidase from wild type and 
mutant plasmids were removed on a BamHI-Xbal fragment. The wild type 
structural gene was hooked up to the mutant promoter and the mutant 
structural gene was hooked up to the wild type promoter. Only the 
construction containing the mutant structural gene had a terrperature 
additional phenotype. Thus, the mutation is in the structural part 
of the gene and not in the promoter region in this mutant. 

CS3: By using identical methods as described for CS2, the mutation 
in this mutant was also localized in the structural gene and not in 
the promoter region. 

The following table lists the results of the 27 B-galactosidase 
mutants obtained in the screen: 
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HiENOIYPES OF B-GAIACIOSIDASE MUTANTS 







Mutaaen 


*Colonv color after 24 hours 
37 4 C 4 # C 


(wt) 


pKK223— 3 or 
ESUC118 


— 


blue 


blue 


C 5 1 


PKK223-3 


HA 


light blue 


white 


C 5 2 


FOC118 


MA 


blue 


white 


C 8 3 


pUC118 


MA 


blue 


white 


CP 4 


pUC118 


MA 


blue 


light blue 


C 5 5 


pUC118 


MA 


blue 


white 


C 5 6 


pKK223-3 


HA 


blue 


light blue 


C 5 7 


PKK223-3 


HA 


light blue 


li^ht green 


C 8 8 


PKK223-3 


HA 


light blue 


light green 


C 5 11 


PKK223-3 


HA 


light blue 


light green 


0 s 12 


pKK223-3 


HA 


blue 


light blue 


0 s 13 


JSKK223-3 


HA 


light blue 


light blue 


C 5 14 


PKK223-3 


HA 


light blue 


light blue 


C 5 15 


PKK223-3 


HA 


blue 


light blue 


C 5 16 


piKK223-3 


HA 


blue 


white 


0 s 18 


PKK223-3 


HA 


light blue 


white 


C 5 19 


PKK223-3 


HA 


light blue 


white 


0 s 20 


PKK223-3 


HA 


blue 


light green 


0 s 21 


PKK223-3 


HA 


blue 


light green 


0 s 22 


PKK223-3 


HA 


light blue 


light blue 


C 3 23 


PKK223-3 


HA 


light blue 


light blue 
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PHOTOTYPES OF B-GAIACTOSIEASE MUTANTS 
Mutant Plasmid Mutagen *Colony color after 24 hours 









37 C 






C 5 24 


pKK223-3 


HA. 


clue 


wiuue 




0 s 25 


pKK223-3 


HA 


blue 


white 




0 s 26 


pKK223-3 


HA 


blue 


white 




C 55 28 


PKK223-3 


HA 


blue 


white 




0 s 29 


PKK223-3 


HA 


light blue 


light 


green 


C 5 31 


PKK223-3 


HA 


blue 


light 


green 


32 


PKK223-3 


HA. 


blue 


light 


green 



*B-galactoeidase activity measured on X-gal plates by the degree of 
blueness exhibited by colonies; i.e., blue = wild-type activity; 
•wiiite = inactive or no S-galactosidase activity; and green = 
internediate activity. 

Hie colonies from all the temperature conditional mutants listed 
above do turn light to medium blue on X-gal plates after 1-3 weeks at 



WO 90/05459 



-22- 



PCT/US89/05352 



SELECTION OF t*i SEKSITTVE MUTANTS 

Similarly, the same imitations may be screened for pH sensitivity as 
follows: 

Since the controlled fermentation is normally stepped at pH 5.5 or less, 
it was felt that mutants which began to exhibit the desirable 
characteristics (decreased rate of acidification) at about pH 5.5 - 6.0 
would be useful under production and storage conditions of pH of about 4.5 
and below. 

A nitrocellulose filter is placed on a Luria Agar caxbenicillin plate. 
Uie transformed E. coli are spread on top and colonies grown overnight at 
37 *C. Two nitrocellulose replica filters are made from this master. The 
cells are lysed by 3 minute chloroform exposure. The control filter is 
placed in 25ml of a 20nM MgS0 4 pH7, lOmM NaH 2 F0 4 , 50nM NaQAc buffer 
for 15 minutes and transferred to the same buffer containing 0.2 ml 2% 
X-gal. The other filter is placed in a low pH (5-5.5) lOOnM NaH 2 K> 4 , 
2nM MgS0 4 , 50nM NaQAc buffer for 15 minutes. Then the filter is 
transferred to a lew pH buffer containing X-gal. A positive colony is one 
that is blue at pH 7 and white at pH 4.5 or 5.0. 

Deletion of the host B-galactosidase (or permease) and reincorporation of 
the mutant gene back into L. fculoaricus can then be done by one skilled in 
the art. For example, the methods in Journal of T^^ ^riology , May 1984, 
pp. 411-418 and Journal of Baceriolocrv . November 1988, pp. 5102 - 5109 
would generate the necessary reincorporation mutant Lu buloaricus 
organisms. 



WO 90/05459 



-23- 



PCT/US89/05352 



KESUU5 

IDW pH 2 * B-KIAIACIOSIDASE MUTANTS 

Source: Isolated from methoxyl amine mutagenesis of mutant (^4 
First screen: performed at pH 5 

FHENOTYEE 





after 40 minutes 


after 24 hours 




MUTANT 


pH5 


pH7 


37°C 


• 

4 C 


pH^-l 


white 


white 


blue 


light green white 


5*^8-2 


white 


blue 


light green 


light blue 


1*^8-3 


white 


blue 


blue 


light blue 


1*^8-4 


white 


blue 


not tested 




pH^-S 


white 


blue 


blue 


blue 




white 


blue 


blue 


blue 


pH?8-7 


white 


blue 


blue 


blue 


&?8-8 


white 


blue 


light blue 


light blue 


OCNIKDL 










pKF223-3 


light blue 


blue 


blue 


blue 



Second screen: performed at pH 5.5 
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FHENOTEPE 



after 30 minutes 



after 24 hours 



HJTANT 
1*^2-1 
E^2-2 



pH5.5 
white 
white 



pH7 
blue 
blue 



37°C 
light blue 
light blue 



4°C 



light blue 

blue+white 



pKK223-2 light blue blue 



blue 



blue 
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PURIFICATION AND CHARACTERIZATION OF MUTANT AND WILD-TYPE 
6-GAIACTOSIEfeSE 



Mutant and wild-type enzyme could be purified from E. coli by the 
following protocol: 

cell lysate 

high-speed centrifugation 
desalt 

oc^l sepharose hydrophobic chrcsnatography - - 

desalt 

McboQ ion exchange chrcnoatography 
\> 

arcentration 

superose 12 sizing column 



pui^ 



protein 



Bizyias purified by this procedure was measured for activity at a 
variety of terperatures frcan 10 - 40 # C. Figure 1 is a plot of the 
log of the apparent initial rate constant vs. the reciprocal of the 
absolute temperature for two concentrations of mutant C®4 and 
wild-type enzyas. While the slope of the wild-type enzyme is linear 
over the entire temperature range/ the mutant clearly shews a . 
decrease in rate below 18 # C. Furthermore, above 20* C the slope for 
both the wild-type and mutant enzymes are identical, Ohe data 
clearly indicates that a enzyme has been produced which is 

equal in activity to wild-type at production temperatures but reduced 
in activity at storage temperatures. 
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1- A fermented food product comprising a viable mutant 

organism not found in nature, which organism produces a non-naturally 
occurring variant enzyme which metabolizes a substrate to a desired 
product lander the normal storage conditions of the ferm ent ed food 
product at a rate of at least about 20% less than the enzyne produced 
by the organism fcund in nature f ran which the variant enzyme is 
derived, yet wherein the variant enzyme retains at least about 90% of 
tk© rate of metabolism when compared with the enzyme produced by the 
organism found in nature under the production conditions of the 
fermented food product. 

2 * A fermented food product according to Claim 1 which is a 

fermented dairy product. 

3 * A fermented dairy product according to Claim 2 wherein 

the desired product is lactic acid. 

4 - A fe rmen ted dairy product according to Claim 3 whicii is 

yogurt. 

5 * A fermented food product according to Claim 1 wherein the 

variant enzyme is a B-galactosidase. 
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6. A fermented food product acoording to Claim 1 wherein the 
variant enzyme is a permease. 

7. A fermented food product according to Claim 1 wherein the 
viable mutant organism is L. bulcraricus . 

8. Yogurt according to Claim 4 which contains a non-naturally 
occurring variant enzyme which metabolizes lactose to lactic acid at 
a temperature below about 20 # C at a rate lcwer than the enzyme 
pr o d u c ed by the organism found in nature frcan which the variant 
mutant enzyme is derived from. 

9. Yogurt according to Claim 8 which contains a non-naturally 
occurring variant enzyme which metabolizes lactose to lactic acid at 
a temperature belcw about 10 # C at a rate lower than the enzyme 
piuduced by the organism found in nature from which the variant 
uutant enzyme is derived from* 

10. Yogurt according to Claim 4 which contains a non-naturally 
occ u rr i ng variant enzyme which metabolizes lactose to lactic acid in 
yogurt which is storage stable at a pH of about 5.5 or less at a rate 
of at least about 20% less than the enzyme produced by the organism 
found in nature frcan which the variant enzyme is derived frctn. 
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11. Yogurt according to Claim 10 which contains a non-naturally 
occurring variant enzyme which metabolizes lactose to lactic acid in 
yogurt which is storage stable at a pH of about 4.5 or less at a rate 
of at least about 20% less than the enzyme produced by the organism 
found in nature from which the variant enzyme is derived from. 

12. A method for making a fermented food product ccnprising: 

a) selecting an organism suitable for making a fermented food 
product, the organism being a mutant organism not found in nature 
which pro duc es a non-naturally occurring variant enzyme which is 
involved in the metabolism of a substrate to a desired product in a 
f eTTnftn ted food product under normal fermentation conditions but under 
storage conditions of the fermented food product metabolizes the 
substrate at a rate of at least about 20% less than the enzyme 
produced by the organism found in nature from which the variant 
enzyme is derived, yet retains at least about 90% of the rate of such 
metabolism when compared with the enzyme produced by the organism 

f cxmd in nature under the production conditions of the fermented food 
product* 

b) adding the organism selected in step a) to an unf ermented food 
product containing a substrate the variant enzyme is involved in the 
metabolism of the desired product; and 

c) fermenting the mixture of step b) under conditions favorable 
for the production of the fermented food product. 
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13. A method according to Claim 12 wherein the fermented food 
product is a fermented dairy product. 

14. A method according to Claim 13 wherein the fermented dairy 
product is yogurt. 

15. A method according to Claim 12 wherein the variant enzyme is a 
B-galactosidase ♦ 

16. A method according to Claim 12 wherein the variant enzyme is a 
permease. 

17. A method according to Claim 12 wherein the mutant organism is 
a L. buloaricus . 

18. A mutant organism not found in nature, suitable for the 
production of a fermented food product, which organism produces a 
ncn-naturally occurring variant enzyme which metabolizes a substrate 
to a desired p ro du ct in the fermented food product under the normal 
storage conditions of the fermented food product at a rate of at 
least about 20% less than the enzyme produced by the organism found 
iii nature frctn which the variant enzyme is derived, yet retains at 
least about 90% of the rate of metabolism when ccsrpared with the 
enzyme produced by the organism found in nature, under the production 
conditions of the fermented product. 
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19. A mutant organism according to Claim 18 which is a L 
hulaaricus . 

20. An organism according to Claim 19 wherein the variant enzyme 
is B-galactosidase. 

21. An organism according to Claim 19 therein the variant enzyme 
is a permease. 

22. A mutant organism according to Claim 18 wherein there is- no 
foreign EKA therein which codes for heterologous polypep t ides. 

23 . A mutant organism according to Claim 18 wherein the native 
gene sequence for the enzyme co r responding to the variant enzyme gene 
seque n ce is deleted or inactivated. 

24. A method of mutating an organism for use in making a fenaarrted 
food product which ccnprises: 

a) selecting an organism suitable for use in making a 
fesnented food product; 

b) removing the gene which codes for an enzyme involved in 
the mptaboli^m of a substrate to a desired product f rem the 
organism of step a) ; 



c) inserting the gene of b) in a vector; 
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d) performing mutations on a plurality of the vectors of 
step c) ; 

e) selecting those mutations of step d) which, when used to 
transform an organism and produce a variant enzyme, said 
enzyme exhibits decreased activity at a rate of at least abcut 
20% less than the enzyme produced by the organism fcund in 
nature frcm which the variant enzyme is derived, under the 
storage conditions of the fermented food product tut where the 
variant enzyme retains at least about 90% of its activity at 
the production conditions of the fermented food p rod ucts when 
compared with the enzyme produced by the organism found in 
nature which the variant enzyme is derived; and 

f ) inserting and expressing the selected gene coding for the 
variant enzyme of step e) into an organism suitable for the 
production of the fermented food product. 

25. A gene made according to the method of Claim 24. 

26. A mutant plasmid made according to the method of Claim 24. 



27. A method acc o rding to Claim 24 wherein the selected organism 
is a L hulaaricus organism suitable for making a fermented food 
product. 
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28. A method according to Claim 24 wherein the renerved gene in 
step b) cod e s for an enzyme involved in the metabolism of lactose to 
lactic acid. 

29. A method of making yogurt which ccnprises: 

a) selecting thermochilus and L. buloaricus organisms 
suitable for making- yogurt, the L. buloaricus organisms being 
a mutant £. txiloaricus not found in nature which organism 
produoes a non-naturally occurring variant enzyme which is 
involved in the metabolism of lactose to lactic acid under the 
storage conditions of yogurt at a rate of at least about 20% 
less than the enzyme produced by the L* buloaricus found in 
nature it is derived yet retains at least about 90% of the 
rate of such metabolism under the production conditions of 
yogurt; 

b) adding the organisms of step a) to milk; 

c) fermenting the mixture of step b) under conditions 
favorable for the production of yogurt; and 



d) r educ i n g the tenperature of the fermented mixture of c) to 
the desired storage temperature. 



WO 90/05459 



-33- 



PCT/US89/05352 



30. A gene coding for a non-natural ly cxxrurring variant enzyme which 
is involved in the metabolism of a suitable substrate to a desired 
product in a fermented food product under the normal storage 
conditions of the fermented food product at a rate of at least about 
20% less than the enzyme produced by the organism fcxxnd in nature 
from which the variant enzyme is derived, yet wherein the variant 
enzyme retains at least about 90% of the rate of such metabolism when 
ocnpared with the enzyme produced from a gene of an organism found in 
nature under the production conditions of the fermented food product. 

31. A replicable plasmid with the gene of Claim 30 therein. 

32. A non-replicable plasmid with the gene of Claim 30 therein. 



WO 90/05459 



PCI7US89/053S2 



1/1 




Ixl 

ZD 
O 



CM 



• © I: 
O O 



i — i — i — r 

ooooooop 

I I I I I I I I 



cn ro 
* 

r i 



l ««•••• 



to <o 

i r 



SUaSTITI IT)? 



TERNATIONAL SEARCH REPORT 

International Aoot.cation No PCT/US 89/05352 



I. CLASSIFICATION OF SUBJECT MATTER (.1 classification ■ymoon ooct T . mo.cato am « 

According to International Patent Classification (IPC) or to botn Nation*! Classification ana IPC _ _ - - ,^ — 

<; A 23 C 9/123, C 12 N 15/01, C 12 N 15/56, C 12 N 15/52, 



IPC 



//(C 12 N 1/20, C 12 R 1:225) 



II. FIELOS SEARCHED 



Minimum (Documentation Searched 



Classification System 



Classification Symooie 



(PC 



A 23 C, C 12 N, C 12 R 



Documentation Seerched other than Minimum Documentation 
to th« Client that such Documents are Included in the Fielde Searched • 



III. DOCUMENTS CONSIDERED TO BE RELEVANT* 



Category • | Citation of Oocument, " with indication, wnere epproprlate. of the relevant paaaagea | Relevant to Claim No. '» 



X 



US, A, 4734361 (MURAO et al. ) 

29 March 1988 

see the whole document 
(cited in the application) 



1-4,7-14, 
17-19,22,29 



i 



i 



* Special categories of cited documents: « 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 

earlier document but published on or after the International 

filing date 

"L* document which may throw doubti on priority claim<s) or 
which is cited to establish the publication date of anotner 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

-P" document published prior to the International filing date but 
later than the priority date claimed 



T" later document published after the International filing date 
or priority data and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed invention 
cannot bs considered novel or cannot ba considered to 
Involve an inventive step 

*Y~ document of particular relevance;* the claimed invention 
cannot be eonatdered to involve an Inventive steo when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a parson skilled 
In the art 

•A" document member of the same patent family 



Date of the Actual Completion of the International Search 

19th March 1990 


Date of Mailing of thla International Search Report 

2 0. 04. 90 


International Searching Authority 

EUROPEAN PATENT OFFICE 


Slgnatureo^A%trtofized jQtnfcer 

^3^S^^ = HI5rfrTAIELAAR 



Form PCT /ISA/210 f second sheet) (January 1965) 



a 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. US 8905352 

SA 32933 

This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report. 
The members are as contained in the European Patent Office EDP file on 10/04/90 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 



US-A- 4734-361 29-03-88 JP-A- 62000268 06-01-87 

JP-A- 62000239 06-01-87 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



